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Abstract: Marigolds (Calendula) are considered one of the most versatile and easily to grow flowers in a 
garden, with ornamental and medicinal importance. In order to identify if seeds traits are correlated and 
influences rising, there were studied the main characteristics of seeds, belonging to 46 genotypes of Calendula. 
The character with the greatest variability, within the 46 studied genotypes, was the seeds weight (with an 
experiment average of 42.6%). Creating a database regarding the morphological particularities of seeds can be 
useful in identifying Calendula genotypes, as well as in obtaining relevant information concerning the 
correlations between seeds characteristics and the way the traits of seeds influence the capacity of germination 
and spring. The results confirm some data from the specialized literature, according to which there is a strong, 
positive correlation between the seeds weight and the capacity of germination and spring of the plants. 
 
INTRODUCTION 
 
The Calendula genus is part of the Asteraceae family and comprises approximately 25 
annual and perennial species, from which well known are C. officinalis, C. arvensis, C. alata, 
C. stellata, C. tripterocarpa, C. suffructicosa etc., within these species having cultivars 
obtained through selection from natural populations or artificial created, mainly through 
hybridization (Brânzilă, 2007). The best-known specie is Calendula officinalis (Pot 
Marigold), largely cultivated as an ornamental plant but, also, with multiple uses in 
pharmacology because of the contents rich in essential oils and pigments. Often used is the oil 
extracted from the seeds that has a rich contents in calendic acid (Froment et al., 2006). The 
research in Calendula breeding are based on obtaining cultivars with special decorative value, 
with big anthodia, strongly coloured especially in yellow, orange-yellow and dark yellow 
with a compact habitus (Gonceariuc, 2001). In addition, the experiment has in view obtaining 
genotypes with involte inflorescences, which lead to the rise of inflorescences production, 
and, implicitly, the rise of the quantity of active elements extracted from the petals, with a big 
production of seeds to the surface unity and with a rich contents in useful oils (Diaconu, 
1992). 
 
MATERIALS AND METHODS 
 
Within the framework of the studies made on different genotypes of Calendula, the 
present study aims to track the seeds particularities and the way in which they are correlated 
and how they influence the plants emergence (spring). 
In the experiment there were studied seeds which originate in the 46 genotypes of 
Calendula, belonging to six species, as following: Calendula officinalis (cv. Prolifera, Bon-
 117 
Bon orange, BonBon Mix, Pacific-Riesen, Radio, Prycosnovjenie, Pacific Beauty, Gaicha 
Gril, Fiesta Hitana, Zelenoye Serdtse, Rozovyi Sjurpriz, Pacific, Plamen, 122GE2822-0002, 
123GE Hortus Hude); Calendula alata (cv. Rech.f.); Calendula arvensis (121GE2822-0001); 
Calendula stellata (124GE2822-04); Calendula suffructicosa; Calendula tripterocarpa. 
There were analyzed the main characteristic of seeds: seeds length (mm), breadth (mm), 
thickness (mm), weight (mg), shape (appreciated through noting, with marks from 1 = rodlet 
to 5 = circular), colour (appreciated through noting, with marks from 1 = cream-colored to 5 
= dark grey) form of the seminal tegument (appreciated through noting, with marks from 1 = 
fine rugged to 5 = strongly denticulate). 
The capitalization of the experimental results, worked through the analysis of the 
variance, concerning the influence of seeds characteristic on germination and plants spring, 
was made with the ANOVA (“t” and DF) test (Ardelean et al., 2007). 
 
RESULTS AND DISCUSSIONS 
 
The average values of length, breadth of seeds and thickness, expressed in mm, seeds 
weight (mg) of the Calendula genotypes studied in the experiment are presented in Table 1. 
The seeds length had different values within the studied genotypes, obtaining amplitude 
of variation between 8.00 mm at C. arvensis (F) and 25.67 mm at C. alata (UK), the mean of 
experiment being 15.56 mm. The seeds with the greatest dimensions belonged to 
122GE2822-0002, 121GE2822-0001, 124GE2822-04, C. officinalis L. (B.), C. officinalis 
(F.a), C. arvensis (F.), C. officinalis (SLO.), C. arvensis (SLO.), cv. prolifera Nr. 214, Bon-
Bon Orange, Bon Bon Mix, C. officinalis (UK.), C. officinalis L. (F.b), cv. Radio, cv. Rech.f., 
C. arvensis L., C. officinalis L. (F.c), C. officinalis L. (D.e), cv. Prycosnovjenie, C. alata 
(UK.), C. Suffructicosa genotypes, all being recorded with superior differences, statistically 
assured compared with the mean of experiment average, considered control. 
The breadth oscillated between 1.34 mm (C. arvensis F.) and 4.07 mm (cv. Rech. f.), on 
the whole having an average of 2.59 mm. 
The seeds weight presented an ample variation within the studied genotypes, with limits 
between 5.32 mg at C. arvensis (F.) and 21.06 mg at C. alata (UK). The seeds with the 
smallest weight were those from the C. arvensis (F.), C. arvensis (SLO), Bon Bon Mix, C. 
officinalis L. (F.c), C. officinalis (I.), cv. Prycosnovjenie, cv. Fiesta Hitana, cv. Rozovyi 
Sjurpriz, cv. Pacific, cv. Plamen, C. officinalis (AZ.) genotypes, they all had significant 
negative deviations compared with the experiment average (12.27 mg). The heaviest seeds 
were recorded at 123GEHortus Hudae, 121GE2822-0001, 121GE2822-0001, C. officinalis L. 
(BR.), Bon-Bon Orange, C. officinalis (UK.), C. officinalis L. (F.b), cv. Pacific-Riesen, C. 
alata (UK.), C. suffructicosa, with superior differences, statistically assured compared with 
the average of the experiment. 
The variability coefficients calculated for seeds characteristics had values between 32.5 
% (for the seeds length), 38.0 % (for the seeds breadth) and 26.6 % (for the seeds thickness). 
The values of the variability coefficient overall have revealed an ample variability of the 
characteristics analyzed, especially for the seeds weight (s%=42.6). 
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Table 1 
The main morphological characteristics of the Calendula seeds, studied at UASVM Cluj-Napoca, 2007-2008 
 
Seeds length Seeds breadth Seeds thickness Seeds weight Crt 
no. 
Variant 
(Genotype) (mm) (s%) (mm) (s%) (mm) (s%) (mg) (s%) 
1 122GE2822-0002 10.53ooo 22.7 2.84- 29.2 2.37- 34.8 12.02- 29.2 
2 123GEHortus Hudae 18.47- 36.8 3.33(x) 44.2 2.38- 34.3 17.36 xxx 32.0 
3 121GE2822-0001 18.60x(x) 25.0 3.05- 67.5 2.32- 31.6 18.21 xx 46.9 
4 124GE2822-04 21.20xxx 22.8 2.16- 43.5 1.94- 34.7 12.87- 41.3 
5 C. officinalis L. (BR.) 14.87- 27.7 3.80 x(x) 49.4 2.40- 21.8 19.05 xxx 24.1 
6 C. officinalis L. (B.) 10.20ooo 28.3 2.21 oo 21.4 1.75 ooo 20.8 11.27- 26.4 
7 C. arvensis L. (B.) 16.13- 32.1 1.93 ooo 29.0 2.28- 43.0 12.48- 63.9 
8 C. officinalis (F.a) 10.80 ooo 23.5 3.58 xx 41.3 2.35 x 18.0 14.06 20.3 
9 C. arvensis (F.) 8.00 ooo 28.7 1.34 ooo 17.1 1.39 ooo 11.3 5.32 ooo 27.3 
10 C. officinalis (SLO.) 12.73 o 36.4 2.22- 43.2 1.80 o 30.5 10.85- 27.2 
11 C. arvensis (SLO.) 11.87 o 51.6 3.16- 50.0 2.75 xx 34.8 9.17 oo 46.1 
12 cv. prolifera Nr. 215 16.27- 39.1 2.59- 12.0 2.24- 12.0 11.61- 41.9 
13 cv. prolifera Nr. 214 11.93 oo 41.4 2.38- 28.3 2.45- 31.3 12.74- 31.7 
14 Bon-Bon Orange 18.93 x 32.3 2.82- 47.1 2.31 x 17.0 18.21 xxx 33.9 
15 Bon Bon Mix 10.60 ooo 28.0 2.01 ooo 21.3 2.10- 28.1 7.69 ooo 31.4 
16 C. officinalis (UK.) 20.67 xxx 11.4 2.51- 34.2 2.45(x) 24.0 16.83 xx 33.8 
17 C. officinalis L. (D.a) 16.53- 35.6 2.65- 30.6 1.82 o 26.4 11.69- 50.3 
18 C. officinalis L. (F.b) 18.93 xxx 15.3 3.01- 29.3 2.45(x) 29.5 16.21 xxx 25.4 
19 C. officinalis L. (D.b) 15.47- 40.1 2.83- 51.2 2.05- 30.6 12.11- 48.6 
20 cv. Pacific-Riesen 15.60- 39.1 2.51- 25.0 2.45 xx 16.2 14.59 x 30.6 
21 cv. Radio 19.40 (x) 39.7 3.53 x 47.2 2.65 xxx 22.9 16.32- 58.0 
22 cv. Rech.f. 19.87 x 41.2 4.07 xx 52.4 2.99 xx 48.1 17.31- 68.3 
23 C. arvensis L. (D.) 12.93 oo 29.9 2.31- 55.0 1.78- 45.7 9.79- 54.2 
24 C. stellata Cav. 16.00- 32.9 2.78- 45.9 2.23- 29.4 11.27- 54.7 
25 C. suffructicosa Vahl. 15.80- 40.4 2.75- 86.8 1.88- 41.4 10.76- 58.3 
26 C. tripterocarpa Rupr. 14.60- 29.2 3.66- 47.2 2.87 x 51.1 11.04- 57.1 
27 C. officinalis L. (F.c) 12.67 oo(o) 21.0 2.32 (o) 22.5 1.84 ooo 11.6 10.20 oo(o) 21.9 
28 C. officinalis L. (D.c) 15.20- 39.2 2.73- 54.1 1.87- 27.8 13.25- 45.4 
29 C. officinalis L. (D.d) 15.27- 38.5 2.79- 54.0 1.79 oo 23.0 11.60- 41.6 
30 C. officinalis L. (PL.) 13.93- 37.4 2.02 ooo 31.2 1.79 o 29.7 8.74 o 74.2 
31 C. officinalis L. (D.e) 19.87 xx 30.6 3.01- 60.7 2.44- 33.2 16.83 46.1 
32 C. officinalis (D.f) 16.20- 30.7 2.55- 56.7 1.82- 47.4 10.93- 33.2 
33 C. officinalis (I.) 14.33- 53.8 2.13(o) 44.6 1.51 ooo 29.0 8.69 oo 54.4 
34 C. officinalis (D.g) 14.80- 41.0 2.96- 63.9 1.99- 30.5 10.84- 59.8 
35 cv. Prycosnovjenie 12.00 oo 36.1 2.21- 37.5 1.70 ooo 14.4 7.15 ooo 65.7 
36 cv. Pacific Beauty 16.33- 44.6 2.46- 33.0 1.63 ooo 21.8 10.61- 46.3 
37 cv. Gaicha Gril 14.13- 40.7 1.90 ooo 17.5 1.77 ooo 22.5 9.79- 53.2 
38 cv. Fiesta Hitana 15.47- 36.4 2.01 ooo 20.4 1.92- 19.6 9.41 ooo 30.6 
39 cv. Zelenoye Serdtse 17.33- 24.2 2.59- 39.0 1.86 ooo 11.6 9.93- 55.8 
40 cv. Rozovyi Sjurpriz 13.67- 35.1 2.19 ooo 16.4 1.95 o 11.5 8.59 ooo 42.7 
41 C. alata (UK.) 25.67 xxx 9.4 2.97(x) 24.9 3.34 xxx 21.6 21.06 xxx 34.0 
42 C. suffructicosa 22.00 xxx 17.3 2.70- 23.7 2.30- 25.2 19.12 xxx 32.5 
43 C. officinalis (A.) 14.47- 33.9 1.89 ooo 24.9 1.75 ooo 15.4 10.18- 46.0 
44 cv. Pacific 16.40- 37.1 1.89 ooo 29.4 1.63 ooo 18.2 9.20 oo 39.2 
45 cv. Plamen 14.60- 24.0 1.66 ooo 16.5 1.70 ooo 17.5 8.19 ooo 42.4 
46 C. officinalis (AZ.) 14.60- 32.5 2.29- 27.4 1.67 ooo 21.5 9.39 ooo 29.8 
Experiment average  (Control) 15.56 32.5 2.59 38.0 2.10 26.6 12.27 42.6 
The medium values of shape, colour, teguments form, expressed in marks and plants 
spring, expressed in percentages, at the Calendula genotypes from the experiment are 
presented in Table 2. 
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Table 2 
Seeds characteristics* of the Calendula genotypes studied at UASVM Cluj-Napoca, 2007-2008 
Seeds shape Seeds colour Seeds tegument 
appearance Plants spring Crt. 
no. 
Variant 
(Genotype) Mark 
(average) (s%) 
Mark 
(average) (s%) 
Mark 
(average) (s%) (%) (±d) 
1 122GE2822-0002 3.53- 28.0 3.47- 32.5 2.60- 55.9 56.7 - 
2 123GEHortus Hudae 2.80- 52.6 3.33- 38.7 2.80- 43.1 50.0 - 
3 121GE2822-0001 2.80 oo 30.8 3.73- 41.1 4.20 xxx 31.4 68.6 - 
4 124GE2822-04 1.93 ooo 56.9 3.53- 25.9 4.53 xxx 14.1 51.4 - 
5 C. officinalis L. (BR.) 3.27- 42.5 2.53 o 44.4 1.93 ooo 30.7 78.3 xx 
6 C. officinalis L. (B.) 3.27- 27.1 3.80 x(x) 26.7 1.73 ooo 26.4 78.0 xx 
7 C. arvensis L. (B.) 3.93(x) 28.0 3.93 xx 28.0 3.33 x 50.3 0.0 ooo 
8 C. officinalis (F.a) 4.00 x(x) 23.1 3.27- 48.4 2.73- 62.6 76.7 xx 
9 C. arvensis (F.) 4.33 xxx 18.8 3.80 xx 20.4 2.47- 30.1 33.8 - 
10 C. officinalis (SLO.) 3.80- 22.7 3.33- 38.7 3.27 x 39.2 63.3 - 
11 C. arvensis (SLO.) 3.40- 45.6 2.13 ooo 46.4 3.47 x 49.8 65.0 - 
12 cv. prolifera Nr. 215 3.00- 47.1 2.93- 55.4 2.87- 41.4 56.7 - 
13 cv. prolifera Nr. 214 4.20 xxx 18.4 3.80(x) 36.1 2.20- 49.2 61.7 - 
14 Bon-Bon Orange 3.60- 25.3 4.53 xxx 14.1 2.60- 63.0 68.3 - 
15 Bon Bon Mix 3.13- 35.9 3.27- 42.5 1.33 ooo 46.3 51.8 - 
 16 C. officinalis (UK.) 3.53- 31.9 1.80 ooo 67.1 2.60- 63.0 61.1 - 
17 C. officinalis L. (D.a) 3.87- 29.1 2.60- 69.4 3.07- 50.0 31.7 - 
18 C. officinalis L. (F.b) 3.73- 25.7 3.13- 44.9 1.40 ooo 45.2 76.7 xx 
19 C. officinalis L. (D.b) 3.67- 24.5 3.47- 39.1 2.13- 46.4 56.7 - 
20 cv. Pacific-Riesen 3.67- 30.3 3.33- 40.4 2.00- 56.7 61.7 - 
21 cv. Radio 2.47 oo(o) 43.0 3.53- 42.6 3.13- 52.4 63.3 - 
22 cv. Rech.f. 3.33- 40.4 3.47- 42.0 3.60 xx 39.0 66.7 - 
23 C. arvensis L. (D.) 3.80(x) 20.4 3.13- 46.5 3.73 xx 41.1 70.0 x 
24 C. stellata Cav. 3.27- 48.4 3.33- 35.3 3.20(x) 46.0 53.3 - 
25 C. suffructicosa Vahl. 3.47- 40.6 2.93- 45.5 2.07- 53.2 60.0 - 
26 C. tripterocarpa Rupr. 4.40- 107.9 2.87- 47.3 3.60 xx(x) 36.1 53.3 - 
27 C. officinalis L. (F.c) 3.80- 24.8 3.40- 29.0 1.20 ooo 34.5 48.3 - 
28 C. officinalis L. (D.c) 3.87- 25.6 3.60- 36.1 1.87- 72.6 48.3 - 
29 C. officinalis L. (D.d) 3.73- 29.5 2.40 o 54.1 2.33- 62.0 41.7 - 
30 C. officinalis L. (PL.) 3.33- 40.4 2.67- 50.4 1.47 ooo 56.9 33.3 - 
31 C. officinalis L. (D.e) 3.20- 35.8 2.60- 49.9 2.53- 59.4 48.3 - 
32 C. officinalis (D.f) 3.40- 41.3 2.60 o 37.9 2.93- 49.0 50.0 - 
33 C. officinalis (I.) 2.87- 50.8 2.73- 40.2 1.93- 71.7 37.8  
34 C. officinalis (D.g) 2.73- 50.7 2.53 o 41.8 1.67 ooo 49.0 18.7 oo 
35 cv. Prycosnovjenie 3.53- 25.9 3.60 o 23.0 1.93- 60.2 17.1 oo 
36 cv. Pacific Beauty 2.73 oo 32.3 2.87- 41.4 2.40- 64.5 40.0 - 
37 cv. Gaicha Gril 3.00 o 25.2 2.53- 51.4 2.13- 61.0 26.7 o 
38 cv. Fiesta Hitana 3.07- 33.7 2.87- 43.5 1.53 ooo 59.7 46.7 - 
39 cv. Zelenoye Serdtse 3.13- 26.6 3.13- 35.9 2.13- 72.8 23.3 o 
40 cv. Rozovyi Sjurpriz 3.93 x(x) 20.3 3.27- 37.4 1.20 ooo 34.5 23.3 o 
41 C. alata (UK.) 3.20- 17.5 3.40- 33.0 3.67 xxx 22.3 31.1 - 
42 C. suffructicosa 2.60 ooo 28.3 3.93 xx 28.0 3.87 xxx 21.6 33.3 - 
43 C. officinalis (A.) 3.60- 23.0 3.00- 33.3 1.60 ooo 46.0 53.3 - 
44 cv. Pacific 3.47- 18.5 2.67- 59.6 2.00- 62.7 36.7 - 
45 cv. Plamen 2.87 o 29.1 2.53 o(o) 36.1 1.27 ooo 36.1 40.0 - 
46 C. officinalis (AZ.) 4.07 x(x) 25.4 2.73- 42.5 1.87 ooo 18.8 30.0 - 
Experiment average (Control) 3.40 33.7 3.13 40.5 2.48 47.4 48.8 - 
       DF 5%    = 20.3 
        DF 1%    = 26.8 
*Legend       DF 0.1% = 34.7 
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Seeds form: Seeds colour: Seminal tegument appearance: 
1 = rodlet 
2 = slightly curved 
3 = curved and mucronate 
4 = strongly curved  
5 = circular 
1 = cream coloured 
2 = mustard 
3 = light grey 
4 = medium grey 
5 = dark grey 
1 = fine rugged 
2 = rugged 
3 = slightly dentate 
4 = medium dentate 
5 = strongly dentate 
 
The seeds shape presented an ample variation within the studied genotypes, significant 
positiv deviations, superior compared with the control (curved and mucronate form) and 
statistically assured, being recorded at the C. arvensis L. (B.), C. officinalis (F.a), C. arvensis 
(F.), cv. prolifera Nr. 214, C. arvensis L. (D.), cv. Rozovyi Sjurpriz, C. officinalis (AZ.) 
genotypes. 
The seeds colour, having as an control variant, medium grey compared with lighter 
colours, had the following genotypes: C. officinalis L. (BR.), C. arvensis (SLO.), C. 
officinalis (UK.), C. officinalis L. (D.d), C. officinalis (D.f), C. officinalis (D.g), cv. Plamen, 
and darker colours had only one genotype (Bon-Bon Orange), the data being statistically 
assured. As for the appearance of the seminal tegument, there was a variation of characters 
from fine rugged, recorded at C. officinalis L. (F.c) and cv. Rozovyi Sjurpriz (1.20) to the 
medium denticulate at 124GE2822-04 (4.53) genotype. 
The genotypes with the greatest percentage of plant spring were C. officinalis L. (BR.) 
with 78.3%, C. officinalis L. (B.) with 78.0%, C. officinalis L. (Fa.) and C. officinalis L. (Fb.) 
with 76.7%, all being recorded with superior differences, statistically assured compared with 
the experiment average. The variability coefficients calculated for the characteristics of seeds 
had values between 33.7% (for the seeds shape), 40.5% (for the seeds colour) and 47.4% (for 
the seeds tegument). Among numerous characteristic analyzed in the experiment were 
recorded statistically assured phenotypical correlations, negative or positive (Table 3).  
Table 3 
Phenotypical correlations between seed characteristics at the 46 studied Calendula genotypes 
 
Seeds characteristics  Correlated 
characters Breadth   Thickness  Weight Shape Colour Seminal tegument 
Plants 
spring 
Length  0.355xxx 0.488xxx 0.733xxx -0.472ooo 0.010- 0.439xxx -0.044- 
Breadth    0.727xxx 0.665xxx -0.062- -0.010- 0.375xxx 0.469xxx 
Thickness      0.719xxx -0.027- 0.121- 0.453 xxx 0.337 xx 
Weight        -0.238x 0.233x 0.436xxx 0.380xxx 
Shape         0.066- -0.208o 0.032- 
Colour           0.217x 0.077- 
Tegument             0.153- 
r 5% = 0.205; r 1% = 0.267; r 0.1% = 0.338 
 
 
Between the length, the breadth and the weight of seeds have been recorded very 
significant, positive and tight correlations. 
Negative phenotypical correlations identified between the length and the seeds shape 
may suggest that the growth of seeds dimensions (their length) modifies the seeds shape. 
Positive phenotypical correlations were recorded among different characteristics of 
seeds (length, breadth and weight) and plants spring. As a result, the values of these seeds 
traits had positively influenced the spring percentage. 
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The result confirms the fact that Calendula seeds with larger dimensions, respective 
superior weight, influence in a positive way the germination and the spring of plants. In the 
experiment made by Branzila (2007), compared with a field germination of 51.7% obtained 
by Calendula officinalis L. of medium dimensions, large seeds have assured a superior 
germination, of 57.3%. 
 
CONCLUSIONS 
 
The research points out an ample variability of the main seeds characteristics to 
different genotypes of Calendula, represented by species or, within the species, by different 
cultivars. Within the 46 studied genotypes, the character with the greatest variability was the 
seeds weight (with mean of experiment of 42.6%). Creating a database regarding the 
morphological particularities of seeds can be useful in identifying genotypes, as well as in 
obtaining relevant information concerning the correlations between seeds characteristics and 
the way the traits of seeds influence the capacity of germination and spring. The results 
confirm some data from the specialized literature, according to which there is a strong, 
positive correlation between the seeds weight and the capacity of germination and spring of 
the plants. 
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